We determined the prevalence of erythromycin-resistant bacteria in the oral cavity and identified mef and erm(B) as the most common resistance determinants. In addition, we demonstrate the genetic linkage, on various Tn1545-like conjugative transposons, between erythromycin and tetracycline resistance in a number of isolates.
The macrolide erythromycin or its derivatives are commonly used in poultry, livestock, and human clinical practice to prevent infections due to gram-positive bacteria. In humans, macrolides are used for the treatment of respiratory tract infections or as an alternative to penicillin in patients who are allergic to that antibiotic (23) . During the last two decades there have been increases in the levels of resistance to erythromycin among clinical as well as commensal isolates, and these increases correlate with the increased use of this class of antibiotics (9, 11, 19, 25, 32, 33) . The oral cavity is one of the most densely colonized environments in humans. It has already been shown that the cultivable oral bacteria are an important reservoir for different tetracycline resistance genes (31) . The interchange of resistance genes between different species in the oral cavity as well as between oral bacteria and bacteria from other environments has been described previously (14, 20, 21) . The aim of this study was to examine the resistance to macrolides among oral bacteria from 20 healthy adults without prior or concomitant exposure to macrolides, as well as its possible linkage with tetracycline resistance.
All bacterial strains and plasmids used in this study are listed in Table 1 . The saliva and dental plaque samples were obtained and processed separately for each individual, as noted by Villedieu et al. (31) . The MICs of erythromycin and tetracycline for each isolate were determined according to the recommendations of the National Committee for Clinical Laboratory Standards (15) . The different macrolide resistance phenotypes were identified by using disks containing erythromycin (30 g) or clindamycin (10 g), as described by Seppäla et al. (26) . Each isolate was also tested for its susceptibility to azithromycin (100 g) and spiramycin (100 g) by the use of disks (Oxoid) on Mueller-Hinton agar (Oxoid) with 5% defibrinated horse blood (E & O Laboratories, Bonnybridge, Scotland). All of the gram-negative isolates were tested for their susceptibilities to crystal violet and Triton X-100 (Sigma) by the agar plating method described by Shafer et al. (28) .
Resistant isolates were characterized to the genus level by biochemical tests and partial 16S rRNA gene sequencing, as described previously (31) . The resistant isolates were tested for the presence of erythromycin resistance genes by either an individual PCR assay, as described for mph(A) (29) , or a multiplex PCR. Group I multiplex PCRs included erm(B) and erm(C); and group II multiplex PCRs included erm(A), erm(F), and msr(A), with the same conditions specified by Nawaz et al. (29) . Isolates that were resistant to both erythromycin and tetracycline were also tested for the presence of tetracycline resistance genes (31) , and the strains were tested for their abilities to simultaneously transfer both genes to Enterococcus faecalis JH2-2, which is resistant to rifampin (20) . Total DNA from the parents and transconjugants was digested with HindIII (Promega), run into an agarose gel, and transferred to a Hybond-Nϩ membrane (Amersham Pharmacia Biotech UK Ltd., Little Chalfont, England) by Southern blotting. Hybridizations were performed with probes specific for tet(M), erm(B), plasmid pAM120 (containing Tn916), plasmid pPPM70 (containing aphA-3), or int/xis (the integrase specific for the Tn916-Tn1545 family of transposons) by using the Alkphos Direct hybridization kit (Amersham), according to the instructions of the manufacturer.
On average, 7% of the cultivable microbiota from the 20 samples were found to be erythromycin resistant and to carry at least one erythromycin resistance gene. Most of the erythromycin-resistant isolates with an identified resistance gene were streptococci, and the most common resistance gene was mef, followed by erm(B). These results agree with those of previous studies that showed that viridans group streptococci from pharyngeal samples are reservoirs for erm(B) and mef genes (2, 12) . The mef gene was detected in 67% of the isolates with an identified erythromycin resistance gene; most of the isolates were characterized as Streptococcus spp., and two were characterized as Neisseria spp. Some mef genes have recently been found to be contained within a novel conjugative transposon, Tn1207.3 (24) . Additionally the msr(A) efflux gene was identified in one Staphylococcus sp. The methylase gene was found in 33% of the isolates with an identified erythromycin resistance gene; most of these isolates (31%) were streptococci and carried an erm(B) gene; however, one erm(B) gene was isolated from a Veillonella sp. for the first time. One isolate carried both the erm(B) and the mef genes, and erm(F) was isolated from a Prevotella sp. Only 6.5% of the gram-negative isolates had an identified erythromycin resistance gene. A further 26.5% were resistant to elevated concentrations of both crystal violet and Triton X-100 (data not shown); therefore, according to the criteria of Morse et al. (14) , they are likely to have the mtr (multiple transformable resistances) phenotype. The presence of an mtr efflux pump reduces the permeability of the outer membrane of the isolate to dyes and detergents and increases the levels of resistance to multiple antimicrobial agents, such as macrolides (28) . The remaining gram-negative isolates that had no identified erythromycin resistance genes and that did not present an mtr phenotype are likely to be intrinsically resistant to macrolides (7) .
As noted in previous studies (2, 4, 6, 9, 10, 13, 32), there was a correlation between the antibiotic resistance phenotype and the genotype for each isolate. The isolates with a methylase gene were fully resistant to the macrolides (erythromycin, arithromycin, spiramycin) and to a lincosamide (clindamycin), whereas the isolates with a mef gene displayed various zones of inhibition around the antibiotic disks (Table 2).
The presence of erythromycin resistance genes in oral streptococci is important because viridans group streptococci have been shown to cause systemic diseases (5, 18, 30) and they can disseminate the erythromycin resistance genes to other more pathogenic bacteria, such as Streptococcus pneumoniae (2) . In the course of this study we identified 12 isolates that, as well as being resistant to erythromycin, were also resistant to tetracycline. The filter-mating study showed that 4 of 12 isolates were able to transfer genes encoding resistance to both erythromycin [erm(B)] and tetracycline [tet(M)] to an E. faecalis recipient (Fig. 1) . These two genes have previously been found on the same conjugative transposon, Tn1545 (27) , which belongs to a larger class of conjugative transposons that include the well-studied element Tn916 (21) . In this study we demonstrated that there is variation in the restriction pattern of the Tn1545-like elements (Fig. 1 ) and that these elements are widespread in the oral cavity and, more particularly, in oral streptococci. Moreover, we demonstrated that these elements are capable of intergenic transfer. The MIC breakpoint of erythromycin for Streptococcus, Staphylococcus, Lactobacillus, and Neisseria spp. is Ͻ0.5 g/ml and that for anaerobes is Ͻ2 g/ml, according to the British Society for Antimicrobial Chemotherapy (http://www.bsac.org.uk/). The MICs at which 50 and 90% of isolates are inhibited for all isolates with a methylase gene were 64 and 128 g/ml, respectively; and the MICs at which 50 and 90% of isolates are inhibited for all isolates with an efflux gene were 4 and 16 g/ml, respectively. ERY, erythromycin.
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